Abstract-The authors have developed a PC-based multichannel electroencephalogram (EEG) measurement and analysis system. This system enables us (1) to simultaneously record a maximum of 64 channels of EEG data, (2) to measure three-dimensional positions of the recording electrodes, (3) to rapidly and precisely localize equivalent current dipoles (ECDs) responsible for the EEG data, and (4) to superimpose the localization results on magnetic resonance images. A new neural network and numerical analysis (NNN) approach to ECD localization is described which integrates a feedforward artificial neural network (ANN) and a numerical optimization (Powell's hybrid) method. It was shown that the ANN method has the advantages of high-speed localization and noise robustness, because in this approach: (1) ECD parameters are immediately initialized from the recorded EEG data by the ANN and (2) ECD parameters are accurately refined by the hybrid method. Our multiple ECD localization method was applied to sensory evoked potentials and event-related potentials using the present system.
INTRODUCTION
Electroencephalogram (EEG) and magnetoencephalogram (MEG) measurements using more than 100 channels [1, 2] have made great progress in recent years.
Application of equivalent current dipole source localization (ECDL) methods to these multi-channel data will lead to the same spatial resolution as computerized tomography (CT), magnetic resonance imaging (MRI), positron emission tomography (PET) and single photon emission computerized tomography (SPECT). Using ECDL methods, EEG with high temporal resolution could become a powerful and economic measure for non-invasively probing the brain functions.
ECDL refers to a method for estimating neural generators as current dipoles equivalent to them from scalp-recorded multichannel EEG or MEG. In electroneurophysiology and its clinical applications, such ECDL methods have been used for the identification of brain sites where any specific information processing is done and epilepsy focus estimation before surgical operations, respectively.
The conventional systems for executing ECDL methods were large-scale and too expensive. The authors have developed a PC-based system which could be used implement the effective localization algorithm, by measuring electrode positions by means of a three-dimensional digitizer and by taking in the MR images. The aim of the present study is two-fold: to describe the new algorithm for the ECDL, and to apply our system to actual evoked potentials (EP) and event-related potentials (ERP).
IMPLEMENTATION OF A NEW MULTIPLE ECDL ALGORITHM
ECDL methods consist of forward and inverse problems, one of which is specified by (1) dipole source modeling, (2) the head model, (3) the calculation of the forward solutions on the basis of the models of the human head and dipole sources, and (4) the algorithm to search the inverse solutions.
Dipole source modeling
Spatio-temporal dipole models can be grouped into three on the basis of the manner in which they describe the time dependence of the EEG or MEG data [3]: (1) unconstrained ('moving and rotating') dipoles, (2) dipoles with a fixed location ('rotating' or 'regional'), and (3) dipoles with a fixed location and a fixed orientation ('fixed'). The third models are time-variant, spatially stagnant, equivalent current dipoles [4, 5, 7] . The second is that of Scherg [6] . The first models are obtained by estimating the dipole parameters of location, orientation and magnitude at each time, and is popularly called 'moving ' (e.g. [8] ). In order to apply an ECDL method even if there is less definite knowledge about the neural generators responsible for the EEG data, the present system uses the first unconstrained dipoles.
The human head model
In our system, a concentric three-sphere conductor model involving the scalp, the skull and the brain [9, 10] is adopted as the human head.
